On the Robustness of DCT-based Compression Algorithms for Space Applications by Avramenko, Serhiy et al.
2QWKHUREXVWQHVVRI'&7EDVHGFRPSUHVVLRQ
DOJRULWKPVIRUVSDFHDSSOLFDWLRQV
6$YUDPHQNR06RQ]D5HRUGD09LRODQWH
3ROLWHFQLFRGL7RULQR7RULQR,WDO\

*)H\-*0HVV56FKPLGW
*HUPDQ$HURVSDFH&HQWHU'/5%UHPHQ*HUPDQ\

$EVWUDFW²+LJKFRPSUHVVLRQUDWLRLVFUXFLDOWRFRSHZLWKWKHODUJH
DPRXQWV RI GDWD SURGXFHG E\ WHOHPHWU\ VHQVRUV DQG WKH OLPLWHG
WUDQVPLVVLRQ EDQGZLGWK W\SLFDO RI VSDFH DSSOLFDWLRQV $ QHZ
JHQHUDWLRQ RI WHOHPHWU\ XQLWV LV XQGHU GHYHORSPHQW EDVHG RQ
&RPPHUFLDO 2II7KH6KHOI &276 FRPSRQHQWV WKDW PD\ EH
VXEMHFWWRPLVEHKDYLRUVGXHWRUDGLDWLRQLQGXFHGVRIWHUURUV7KH
SXUSRVH RI WKLV SDSHU LV WR VWXG\ WKH LPSDFW RI VRIW HUURUV RQ
GLIIHUHQW FRQILJXUDWLRQV RI D GLVFUHWH FRVLQH WUDQVIRUP '&7
EDVHGFRPSUHVVLRQDOJRULWKP7KLVZRUN¶VPDLQFRQWULEXWLRQOLHV
LQSURYLGLQJVRPHGHVLJQJXLGHOLQHV
.H\ZRUGV²6RIW (UURUV /RVV\ &RPSUHVVLRQ $OJRULWKP 'LVFUHWH
&RVLQH 7UDQVIRUP 5HOLDELOLW\ 5HJLVWHUOHYHO )DXOW ,QMHFWLRQ
&RPPHUFLDO2II7KH6KHOI
, ,1752'8&7,21
,Q VSDFH DSSOLFDWLRQV ERWK IRU VDWHOOLWHV DQG IRU ODXQFKHUV
V\VWHPV GHGLFDWHG WR WKH FRPSUHVVLRQ RI GDWD DUHPDQGDWRU\
VLQFHEDQGZLGWKDQGVWRUDJHDUHOLPLWHG$OWKRXJKVRPHVWXGLHV
KDV EHHQGRQH >@ WKH UHVHDUFK HIIRUW LV  UHTXLUHG WRGHYHORS
VXLWDEOHDQGIOH[LEOHFRPSUHVVLRQDOJRULWKPVDEOHWRPDWFKDOO
WKH DERYH FRQVWUDLQWV 5HOLDELOLW\ LV DQ LPSRUWDQW GHVLJQ
FRQVWUDLQW IRU VSDFH DSSOLFDWLRQV 7R IDFH WKLV LVVXH WKH
WUDGLWLRQDO DSSURDFK ZDV EDVHG RQ XVLQJ VSDFH TXDOLILHG
KDUGZDUH &RPPHUFLDO 2II7KH6KHOI FRPSRQHQWV &276
RIIHUUHGXFWLRQLQZHLJKWDQGHQHUJ\FRQVXPSWLRQDQGKLJKHU
FRPSXWDWLRQDOSRZHUFRPSDUHGWRUDGKDUGFRXQWHUSDUWVZKLOH
SRVHV FKDOOHQJHV DERXW UDGLDWLRQ HIIHFWV PLWLJDWLRQ >@ 7KH
(XURSHDQ &RPPLVVLRQ GHFLGHG WR IXQG WKH 0D00R7+8S
SURMHFWZKRVHPDLQ WDUJHW LV WR GHYHORS DQHZJHQHUDWLRQ RI
WHOHPHWU\ V\VWHPV IRU $ULDQH ODXQFKHUV EDVHG RQ &276
FRPSRQHQWV,QWKLVSDSHUWKHUHODWLRQVKLSEHWZHHQWKHGLIIHUHQW
SDUDPHWHUV RI WKH FRQVLGHUHG '&7EDVHG DOJRULWKP DQG WKH
UREXVWQHVVKDVEHHQLQYHVWLJDWHG7KHPDLQFRQWULEXWLRQRIWKLV
SDSHUOLHVLQSUHVHQWLQJVRPHJXLGHOLQHVWREHXVHGE\WKHV\VWHP
DUFKLWHFW 7KH UHVXOWV UHODWHG WR WKH ORVVOHVV FRPSUHVVLRQ
DOJRULWKPVDQDO\]HGLQ>@DUHFRPSDUHGZLWKWKHILJXUHVUHODWHG
WR WKH ORVV\ DOJRULWKP DQDO\]HG LQ WKLV SDSHU 7KH SDSHU LV
RUJDQL]HG LQ WKH IROORZLQJ PDQQHU $Q RYHUYLHZ RI WKH
FRQVLGHUHGFRPSUHVVLRQDOJRULWKPLVJLYHQLQ6HFWLRQ,,6HFWLRQ
,,,GHVFULEHVWKH)DXOW,QMHFWLRQHQYLURQPHQW6HFWLRQ,9UHSRUWV
WKH H[SHULPHQWDO UHVXOWV DQG WKH UHODWHG FRQVLGHUDWLRQV 7KH
FRPSDULVRQZLWKWKHUHVXOWVRIWKHSUHYLRXVZRUNLVSUHVHQWHGLQ
WKLVVHFWLRQ6HFWLRQ9GUDZVVRPHFRQFOXVLRQV
,, %$&.*5281'21&216,'(5(''&7%$6('
&2035(66,21$/*25,7+0
7KH SURSRVHG DOJRULWKP XVHV GLVFUHWH FRVLQH WUDQVIRUPV LQ
FRPELQDWLRQ ZLWK SUH DQG SRVWSURFHVVLQJ VWHSV IRU ORVV\
FRPSUHVVLRQRIRQHGLPHQVLRQDOWLPHVHULHVGDWD7KHGLVFUHWH
FRVLQH WUDQVIRUP '&7 LV DQ RUWKRJRQDO WUDQVIRUP>@ LV
DSSOLHGWRSUHSURFHVVHGIL[HGOHQJWKEORFNVRIGDWDILUVWIHZ
FRHIILFLHQWV DUH WKHQ UHWDLQHG ZKLFK DUH ODUJH FRPSDUHG WR
KLJKHU RUGHU RQHV 7KH OHQJWK RI WKH EORFN RI GDWD WR EH
VHSDUDWHO\ FRQYHUWHG E\ RQHGLPHQVLRQDO '&7 :LGWK DV D
SDUDPHWHU RI WKH DOJRULWKP WZR GLIIHUHQW YDOXHV RI:LGWK 
HOHPHQWV SHU EORFN DQG  HOHPHQWV SHU EORFN KDV EHHQ
FRQVLGHUHG7KHRQHGLPHQVLRQDO'&7LVXVHGWRDFKLHYHWZR
GLPHQVLRQDO'&7>@RQGDWDEORFNRIGLPHQVLRQ:LGWK:LGWK
%HIRUHWKH'&7LVDSSOLHGDOOWKHGDWDLVVFDOHGE\3UHIDFWRU
SI 7KH SRVWSURFHVVLQJ FRQVLVWV LQ D WKLQ RXW RI WKH '&7
FRHIILFLHQWVZKLFKDUHWKHUHVXOWRIFRPSUHVVLRQE\PHDQVRID
WKUHVKROG YDOXH 7KUHVKROG DQG WKH OLPLW WR WKH UHWDLQHG
FRHIILFLHQWV &RHIIB1XP )LQDOO\ WKH DOJRULWKP VWRUHV WKH
SRVLWLRQV RI GLVFDUGHG FRHIILFLHQWV DV D VSDUVH ELW VWULQJ
UHVXOWLQJLQDQHJOLJLEOHRYHUKHDG
,,, 7+((;3(5,0(17$/6(783
7KHRYHUDOOH[SHULPHQWDOHQYLURQPHQWLVFRPSRVHGRIWZRVXE
HQYLURQPHQWV D UXQWLPH HQYLURQPHQW DQG D IDXOW LQMHFWLRQ
HQYLURQPHQW
$ 7KHUXQWLPHHQYLURQPHQW
6LQFH WKH 2SHQ5,6& DUFKLWHFWXUH LV LQWHQGHG IRU WKH ILQDO
GHSOR\PHQW WKH UXQWLPH HQYLURQPHQW LV EDVHG RQ LWV
,QVWUXFWLRQ6HW6LPXODWRU,66,WLVLQFKDUJHRIH[HFXWLQJWKH
'&7 FRPSUHVVLRQ DOJRULWKP RQ UHSUHVHQWDWLYH VHW RI YDOXHV
FRPLQJIURPVHQVRUV7KHVRIWZDUHVWDFNKDVEHHQGHVLJQHGWR
EHH[HFXWHGLQEDUHPHWDO
% 7KHIDXOWLQMHFWLRQHQYLURQPHQW
6LQFH WKH HIIHFWV RI 6(8V ZDV XQGHU LQYHVWLJDWLRQ WKH IDXOW
LQMHFWLRQHQYLURQPHQWKDVEHHQGHYHORSHGDFFRUGLQJO\6LQJOH
ELW IOLSV LQVLGH WKHSURFHVVRU¶VJHQHUDOSXUSRVH UHJLVWHUVZHUH
FRQVLGHUHG >@ (DFK IDXOW WR EH LQMHFWHG LV JHQHUDWHG E\
UDQGRPO\FKRRVLQJWKHWDUJHWUHJLVWHUWKHELWRIWKDWUHJLVWHUDQG
WKHWLPHWKHIDXOWLVLQMHFWHG)DXOWVDUHFODVVLILHGDFFRUGLQJWR
WKHIROORZLQJFDWHJRULHV


1978-1-5090-1507-8/16/$31.00 c©2016 IEEE
 6LOHQWWKHIDXOWKDGQRHIIHFW
 :URQJRXWSXWWKHIDXOWFRUUXSWVWKHRXWSXWEXWGRHVQRW
DIIHFWH[HFXWLRQWLPH
 'HWHFWHGWKHIDXOWWULJJHUVVRPHKDUGZDUHH[FHSWLRQ
o 7LPHRXWHUURUH[HFXWLRQWLPHLVDIIHFWHG
o %XVHUURULQYDOLGPHPRU\DGGUHVVDFFHVV
o $OLJQPHQWHUURUPLVDOLJQHGPHPRU\DGGUHVV
DFFHVV
,9 (;3(5,0(17$/5(68/76
7KHH[SHULPHQWVKDYHEHHQSHUIRUPHGRQWKH2SHQ5,6&,66
H[HFXWLQJWKH'&7EDVHGFRPSUHVVLRQDOJRULWKPZLWKGLIIHUHQW
SDUDPHWHUVHWVDVUHSRUWHGLQ7DEOH, 2QHLQSXWGDWDVHWKDV
EHHQ FRQVLGHUHG SUHVVXUH VHQVRU ZLWK  ELWV SHU VDPSOH $
0RQWHFDUOREDVHG DSSURDFK KDV EHHQ XVHG WR YDOLGDWH WKH
VWDWLVWLFPHDQLQJIXOQHVVRIWKHGDWD$VHWRIIDXOWVKDV
EHHQLQMHFWHG,QWKLVSDSHUWKHFRPSUHVVLRQUDWLRLVGHILQHGDV
WKHUDWLREHWZHHQWKHVL]HRIRULJLQDOGDWDDQGFRPSUHVVHGGDWD
7$%/(,3$5$0(7(56(76'(7$,/6
 :LGWK &RHIIB1XP 3UHIDFWRU 7KUHVKROG
3DUVHW    
3DUVHW    
3DUVHW    
3DUVHW    

7$%/(,,5(68/76)25',))(5(173$5$0(7(56(76
 3DUVHW 3DUVHW 3DUVHW 3DUVHW
 >@ >@ >@ >@
&RPSUHVVLRQ5DWLR    
    
:URQJ2XWSXW    
6LOHQW    
'HWHFWHG    

7DEOH,,DOORZVWKHIROORZLQJREVHUYDWLRQV
 &RQVLGHULQJ WKH ZURQJ RXWSXW DV D PHWULF RI
UREXVWQHVVLWLVSRVVLEOHWRREVHUYHWKDWWKHUREXVWQHVV
LQFUHDVHVDVFRPSUHVVLRQUDWLRLQFUHDVHV
 7KHGHWHFWHGSHUFHQWDJHLWLVDOPRVWLQVHQVLWLYHWRDOO
WKHSDUDPHWHUVEXW:LGWKZKLOHVWLOOVRPHUHODWLRQVKLS
ZLWK3UHIDFWRUSDUDPHWHUH[LVWV,QGHHG3DUVHW
ZLWKZLGWKKDVWKHKLJKHVWUDWHRIGHWHFWLRQ7KLV
FDQEHH[SODLQHGEHFDXVHWKH:LGWKSDUDPHWHUGHILQHV
WKHVL]HRIGDWDWREHFRQVLGHUHGIRUDFRQYHUVLRQ7KXV
LW GHHSO\ DIIHFWV WKH QXPEHU RI RSHUDWLRQV SHU GDWD
VDPSOHSHUIRUPHG
7KHVXEFDWHJRULHVRI'HWHFWHGDUHVKRZQLQ7DEOH,,,6LQFHLW
KDVEHHQREVHUYHGWKDW:LGWKLVWKHPRVWUHOHYDQWSDUDPHWHUIRU
WKHGHWHFWLRQPHFKDQLVPDFWLYDWLRQ3DUVHWDQG3DUVHW
KDVQRWEHHQFRQVLGHUHG)URP7DEOH,,,GHWHFWLRQLVWULJJHUHG
PDLQO\E\ERWKWLPHRXWHUURUDQGEXVHUURU
7DEOH,9UHSRUWVWKHUHVXOWVDFKLHYHGIRUWKHFRQVLGHUHG'&7
EDVHGORVV\FRPSUHVVLRQDOJRULWKPZLWKWKHUHVXOWVDFKLHYHGIRU
WKHORVVOHVV/=:DQG5,&(DOJRULWKPV>@7KLV WDEOHRQO\
SUHVHQWILJXUHVUHODWHGWR3DUVHWDQG3DUVHWLQRUGHUWR
FRQVLGHUDSDUDPHWHUVHWIRUERWKYDOXHVRI:LGWK([SHULPHQWV
IURP>@KDYHEHHQUHSHDWHGRQWKHVDPHGDWDVHWVXVHGLQWKLV
SDSHU
7$%/(,,,68%&$7(*25,(62)'(7(&7('*5283
 3DUVHW 3DUVHW
 >@ >@
7LPHRXWHUURU  
%XVHUURU  
$OLJQPHQWHUURU  
  
727$/'HWHFWHG  

7$%/(,95(68/76)25/266<$1'/266/(66
$/*25,7+06
 3DUVHW 3DUVHW 5,&( /=:
 >@ >@ >@ >@
&RPSUHVVLRQ5DWLR    
    
:URQJ2XWSXW    
6LOHQW    
'HWHFWHG    

)URP WKH ILJXUHV RI WKH7DEOH ,9 WKH FRQVLGHUHG'&7EDVHG
DOJRULWKPLVTXDOLWDWLYHO\EHWWHUWKDQWKHORVVOHVVRQHV
9 &21&/86,216
7KLVSDSHULQYHVWLJDWHVWKHUHODWLRQVKLSEHWZHHQWKHSDUDPHWHUV
RI D '&7EDVHG DOJRULWKP DQG WKH UREXVWQHVV DJDLQVW 6(8
IDXOWV7KHZRUNRIWKLVSDSHUSURYLGHVLQIRUPDWLRQWRDOORZDQ
HDUO\ WKH UHOLDELOLW\ DQDO\VLV IRUZKDW LW FRQFHUQV 6(8V 7KH
H[SHULPHQWDOUHVXOWVKLJKOLJKWVRPHUHODWLRQVKLSEHWZHHQ'&7
EDVHGDOJRULWKP¶VSDUDPHWHUVDQGWKHHIIHFWVRI6(8VLQJHQHUDO
SXUSRVHUHJLVWHUV([SHULPHQWDOUHVXOWVVKRZWKDWWKHUREXVWQHVV
LQFUHDVHVDVFRPSUHVVLRQUDWLRLQFUHDVHV7KHIXWXUHZRUNZLOO
WDUJHWWKHYDOLGDWLRQRIWKHFRQVLGHUDWLRQVPDGHLQWKLVZRUNE\
PHDQVRI57/IDXOWLQMHFWLRQ,WZLOODOVRH[SORUHWKHSRVVLELOLW\
RILPSURYLQJGHSHQGDELOLW\RIWKHDOJRULWKP
$&.12:/('*(0(176
7KLVZRUNKDVEHHQVXSSRUWHGE\WKH(XURSHDQ&RPPLVVLRQ
WKURXJK WKH +RUL]RQ  3URMHFW 1R  0D00R7+
83
5()(5(1&(6
>@ $ * 6FKPLGW 0 )UHQFK ³)DVW ORVVOHVV LPDJH FRPSUHVVLRQ ZLWK
5DGLDWLRQ +DUGHQLQJ E\ KDUGZDUHVRIWZDUH FRGHVLJQ RQ SODWIRUP
)3*$V´ $SSOLFDWLRQ6SHFLILF 6\VWHPV $UFKLWHFWXUHV DQG 3URFHVVRUV
$6$3,(((WK,QWHUQDWLRQDO&RQIHUHQFHSS±
>@ 2 *RORXEHYD 0 5HEDXGHQJR 0 6RQ]D 5HRUGD DQG 0 9LRODQWH
6RIWZDUHLPSOHPHQWHG+DUGZDUH)DXOW7ROHUDQFH6SULQJHU
>@ 6$YUDPHQNR06RQ]D5HRUGD09LRODQWH*)H\³$QDO\VLVRIWKH
(IIHFWV RI 6RIW (UURUV RQ &RPSUHVVLRQ $OJRULWKPV 7KURXJK )DXOW
,QMHFWLRQ ,QVLGH 3URJUDP 9DULDEOHV´ ,((( /DWLQ$PHULFDQ 7HVW
6\PSRVLXP/$76
>@ 1$KPHG71DWDUDMDQDQG.55DR³'LVFUHWH&RVLQH7UDQVIRP´
,(((7UDQVDFWLRQVRQ&RPSXWHUVYROQRSS±-DQ
>@ <0 +XDQJ DQG -/ :X ³$ 5HILQHG )DVW ' 'LVFUHWH &RVLQH
7UDQVIRUP$OJRULWKP´,(((7UDQVDFWLRQVRQ6LJQDO3URFHVVLQJYRO
QRSS±0DU
>@ 0&+VXHK 7 . 7VDL 5. ,\HU )DXOW ,QMHFWLRQ 7HFKQLTXHV DQG
7RROV,(((&RPSXWHU9RO1R$SULOSS
2 2016 IEEE 22nd International Symposium on On-Line Testing and Robust System Design (IOLTS)
